Abstract: Objectives: This study was conducted to: 1) describe sleep duration, fatigue, daytime sleepiness, and occupational errors among Thai nurses and 2) explore the influence of sleep duration on fatigue, daytime sleepiness, and occupational errors. Methods : A crosssectional design was implemented. A convenience sample of 233 full-time nurses with at least one year of work experience was recruited to participate in the study. Data were collected using self-reported questionnaires and 1-week sleep diaries. Descriptive and logistic regression statistics were performed using SPSS software. Results: The mean total sleep time was 6.2 hours. Of the total participants, 75.9% ( n = 167 ) experienced short sleep duration, 38.2% (n=84) experienced fatigue, and 49.5% (n=109) experienced excessive daytime sleepiness. Occupational errors were reported by 11.7% (n= 25). Medication errors, incorrectly performed procedures, and needle stick injuries were reported by 6.5% (n=13), 5.6% (n=12), and 4.7% (n=10), respectively, of participants performing the associated activities. The " Short Sleep Duration " group experienced more fatigue ( p =.044) and excessive daytime sleepiness (p=.001) compared with the " Adequate Sleep Duration " group. Although occupational errors were more common in the "Short Sleep Duration" group, the difference between the two groups did not reach the level of statistical significance. Multivariable logistic regression analysis found that short sleep duration was a statistically significant risk factor for excessive daytime sleepiness (OR=2.47, 95% CI=1.18-5.19). Conclusions: The majority of registered nurses experience short sleep duration. Short sleep duration increased the risk of excessive daytime sleepiness but not fatigue or occupational errors. Adequate nighttime sleep is paramount for preventing daytime sleepiness and achieving optimal work performance.
Introduction
Nurses are healthcare professionals who ensure the continuity of patient-care around the clock. Extended working hours, family responsibilities, and long commutes may deprive nurses of opportunities for adequate sleep 1) . The American Academy of Sleep Medicine and the Sleep Research Society state that the healthy sleep duration for adults is a minimum of 7 hours per night 2) . However, a review of the literature suggests that in general, nurses sleep fewer than 7 hours per day, with a range of 4.3-6.7 hours [3] [4] [5] . Short sleep duration increases the risk of a spectrum of health disorders, such as cardiovascular and metabolic syndrome, obesity, and type 2 diabetes 6) . In general, nurses with short sleep duration more frequently rank their health status as poor when compared with those with adequate nighttime sleep 7) . Additionally, they report higher levels of job strain and burnout 8) , medication errors 9) and patient errors 10) . Moreover, insufficient and poor quality sleep resulted in acute or chronic fatigue and sleepiness in nurses 11) . Fatigue is a sense of exhaustion and a decreased capacity for physical and mental work. Nurses in Thailand and other countries frequently report fatigue 5, 12, 13) . In general, night shift nurses report higher fatigue scores than day shift nurses 13) . Nurse fatigue resulting from poor sleep quality is a serious issue in healthcare because it negatively impacts performance and patient safety 14) . Sleepiness is a consequence of poor quality of sleep. The prevalence of excessive sleepiness among nurses is about 24% to 26% 5, 15) . For night shift nurses, sleepiness peaks at 7:00 am, which is at the end of the work shift. This imposes a potential public health hazard because of the increased likelihood of traffic accidents 13) . Similar to fatigue, excessive sleepiness in nurses may also result in performance errors leading to patient adverse events 14) . Nurses hold an important responsibility for maintaining patients' safety. It has been known that fatigue and sleepiness may result in errors with negative consequences for patient safety 10) . However, the association between sleep duration and occupational errors is a subject of controversy. For example, a report from Saudi Arabia suggested that sleep-deprived nurses at all shift lengths (8, 10 , and 12 hours) had a higher rate of medication errors compared to nurses with sufficient sleep 9) ; while a study of emergency nurses in the US indicated that the total number of sleep hours was not associated with minor, moderate, or severe occupational accidents 16) . In Thailand, there is a paucity of research on sleep duration, fatigue, daytime sleepiness, and occupational errors among nurses. In previous studies among nurses in other countries, short sleep duration was defined using 6 hours or less 7, 8) , but our study used the recent recommendation by the American Academy of Sleep Medicine and the Sleep Research Society 2) which suggested that the optimum duration of sleep is at least 7 hours. To our knowledge the association between sleep duration and the risk of occupational errors among nurses has not been addressed in Thailand. In addition, previous studies have relied on one-time, self-reported sleep data, which may be subjected to recall bias. Sleep is a pattern and habit; therefore, the quality of data can be improved by consecutively collecting sleep variables and by using sleep diaries. Due to the shortage of nurses in Thailand, nurses are required to work longer hours which can interfere with their sleep duration. Given the potential negative consequences of insufficient sleep, we conducted a study with the objective of discerning if inadequate sleep duration increases the risk of fatigue, excessive daytime sleepiness, and occupational errors.
Subjects and Methods

Study design, population, and setting
A cross-sectional study was designed and implemented. A total of 233 full-time registered nurses with at least one year of employment at a tertiary hospital in Thailand were recruited from 10 different nursing departments. The number of participants recruited from each department was adjusted by the total number of nurses in each department.
Measurements
Self-administered questionnaires were used to collect data. The questionnaires were designed to collect information on demographic variables, work conditions, sleep pattern, fatigue, daytime sleepiness, and occupational errors. Sleep duration was measured using a 1-week sleep diary adapted from the National Sleep Foundation (www. sleepfoundation.org) 17) . Participants were asked to record the following information: the time of retiring to bed at night, the duration between retiring to bed and falling asleep, the number and duration of nighttime awakenings, and the time of rising in the morning. Total sleep time was calculated for each day by:
A) Documenting the total time in bed (the time of retiring to bed minus the time of rising in the morning).
B) Estimating sleep latency (the duration between retiring to bed and falling asleep).
C) Totaling the duration of awakenings throughout the night. The total sleep time was then calculated by summing the values for B and C, and then subtracting this from A. We then calculated the mean sleep-time value of the reported seven days for each study participant.
Fatigue was measured using the Fatigue Questionnaire (FQ) developed by Chalder et al. (1993) 18) . The FQ is composed of 11 items measuring physical and mental fatigue which employs a 4-point Likert scale ranging from 0 (less than usual) to 3 (much more than usual). Summed scores !4 indicate fatigue 19) . In our study, the questionnaire was translated from English into the Thai language, using a back-translation process. The final back-translated version was sent to the instrument developer (Prof. Trudie Chalder ) for confirmation of its equivalency with the original FQ. The developer approved the equivalency of the two versions. In our pilot study, the internal consistency reliability of the Thai version of the FQ was established with a Cronbach's alpha value of 0.91.
To assess excessive daytime sleepiness, the Thai version of the Epworth Sleepiness Scale (Thai-ESS) 20) was used. The questionnaire is composed of 8 items asking how likely the respondent is to doze off or fall asleep during the day in different situations, such as sitting and watching television, sitting inactive in a public place, or talking with someone. The Thai-ESS uses a 4-point Likert scale ranging from 0 ( would never doze ) to 3 ( high chance of dozing). Total scores range from 0 to 24, and scores !10 indicate excessive daytime sleepiness 21) . In our study, the test-retest reliability of the instrument was 0.88.
Occupational errors were measured using a self-report questionnaire developed by our team and based on a review of the literature. One of the nursing directors and the nursing staff evaluated the face validity of our questionnaires. The questionnaire consists of three categories : medication errors, incorrectly performed procedures, and needle stick injuries. Nurses were asked if they performed a specific task and if they did, if they experienced occupational errors within the previous month. Responses were dichotomized to "Yes" or "No".
Data Collection
Data was collected between February and March 2016. Sleep diaries and questionnaires were distributed in sealed envelopes to 233 participants; all study participants met the inclusion criteria. The participants were instructed to record 7 consecutive days of sleep patterns in their sleep diaries and to complete the one-time, selfadministered questionnaires. Completed diaries and questionnaires were returned in sealed envelopes.
Data Analysis
Nurses were categorized into two groups: the "Short Sleep Duration " group which consisted of individuals who had reported < 7 hours of sleep, and the "Reference Group " which consisted of individuals with at least 7 hours of sleep. Descriptive statistics were used to describe demographic variables, work characteristics, fatigue, excessive daytime sleepiness, and occupational errors. Differences in fatigue, excessive daytime sleepiness, and occupational errors between the "Short Sleep Duration" and "Reference Group" were analyzed using the Chi-square test of significance. We applied multivariable logistic regression analysis to estimate the association between sleep duration and each outcome of interest (i.e. fatigue, excessive daytime sleepiness, or occupational errors) after adjusting for potential confounding variables. Because of the small sample size of occupational errors in each group, the statistical model could not converge; therefore, it became necessary to dichotomize the occupational error variable into two categories: "Experienced Occupational Errors" and "Did Not Experience Occupational Errors".
In developing the best fit model, we first estimated the individual effect of each variable on the outcome of interest. Variables were evaluated because of their potential biological or clinical importance on each outcome. Variables with a p-value < 0.25 from univariable analysis were considered as the candidate variables, as well as variables with clinical importance 22) . The final model contained only variables that were significant at p-value < 0.05. All statistical analyses were performed using The Statistical Package for the Social Sciences (Version 22.0, IBM SPSS Statistics).
Ethical Considerations
The Research Ethics Committee of the Faculty of Nursing at Chiang Mai University approved the research study. In addition, permission for data collection was obtained from hospital authorities. Information sheets that explained the study's objectives were provided to the study participants along with the questionnaires and sleep diaries. Informed consent was obtained from the study participants. Information about individual participants was kept secure to maintain their confidentiality.
Results
A total of 226 nurses returned completed questionnaires (97% response rate). Of these, we excluded 6 participants because of incomplete sleep diaries. Therefore, 220 questionnaires and sleep diaries were included in the data analysis. The majority of participants were female (92.3%, n= 203) and under 40 years of age (65.5%, n= 144).
Most of the nurses (80.9%, n= 178) worked a rotating shift, 45.5% (n=98) worked > 8 hours per day, and 52.3% (n=115) had !10 nightshifts per month (Table 1) . About 76% ( n = 167 ) of the study participants were categorized into the "Short Sleep Duration" group. Based on our analyses, 38.2% (n=84) of the nurses experienced fatigue and about half of them (49.5%, n=109) had excessive daytime sleepiness. Finally, 11.7% ( n = 25 ) of the nurses were classified into the "Experienced Occupational Errors" group, 6.6% (n=13) reported errors in medication administration, 5.6% (n=12) reported errors in procedure performance, and 4.7% (n=10) reported needle stick injuries ( Table 2) .
As shown in Table 2 , a higher proportion of nurses in the " Short Sleep Duration " group reported fatigue ( p =.002) and excessive daytime sleepiness (p=.001) compared to the reference group. Occupational errors were also more common in the "Short Sleep Duration" group than the reference group, although this difference did not reach the level of statistical difference (p=.059).
The variables from univariate analysis were incorporated into the multivariate analysis ( Table 3 ) . Results from our final multivariable logistic regression analysis model found that nurses in the "Short Sleep Duration" group had a higher risk of excessive daytime sleepiness (OR= 2.47, 95% CI=1. 18-5.19) relative to the reference group. Interestingly, our analyses found that short sleep duration did not increase the risk of fatigue (OR=1.44, 95% CI= 0.66-3.12) or occupational errors (OR= 1.19, 95% CI= 0.22-6.33) ( Table 4) . 
Discussion
Most of the nurses in our study were not able to meet the minimum recommended 7 hours of sleep. When compared to the previous studies using sleep diaries, the mean sleep duration of our sample (6.2 hours) was comparable to that of nurses in the post anesthesia care unit ( 6.7 hours) 4) , but greater than that of night shift nurses in the intensive care unit (5 hours or less) 9) . We recruited nurses from 10 departments, and most of them were from general wards. Therefore, nurses in our study were likely able sleep longer than nurses who worked in intensive care units due to their work schedules. Although previous studies among nursing professionals in Thailand did not assess total nighttime sleep duration, the findings did in- 23, 24) . The nurses who contributed to our study experienced fatigue and excessive daytime sleepiness. Our findings are consistent with previous studies conducted in Thailand and in other countries. For instance, Yodchai et al. (2007) 12) found that nurses in the southern region of Thailand had a moderate level of fatigue and a high level of daytime sleepiness. Nurses in the U.S. also reported high levels of fatigue, with mental fatigue exceeding physical fatigue 25) . In a study performed by Geiger-Brown et al. (2012) 13) , over one-third of nurses reported a high level of fatigue, with inter-shift fatigue reportedly the most common. The authors also reported that fatigue was a consequence of insufficient sleep between shifts, which has been reported to compromise recovery from physical and cognitive exhaustion.
We found that short sleep duration increased the risk of daytime sleepiness. In our study, nurses who slept less than 7 hours per night were almost 3 times more likely to complain of excessive daytime sleepiness than the reference group. Our literature search did not yield a specific study assessing the link between sleep duration and daytime sleepiness among nurses. However, two previous studies, one among adult Americans 26) and one among Japanese bus drivers, support our finding that the risk of daytime sleepiness increases with short sleep duration (less than 6 hours) 27) . When sleep is restricted on a workday, it can cause a large sleep deficit that can result in sleepiness 28) . In our study, short sleep duration was not associated with the risk of fatigue. Our findings concur with the findings of Barker and Nussbaum (2011) 25) who reported that the duration of nighttime sleep was not associated with mental fatigue. The authors argue that mental fatigue was related to characteristics of the work environment, e. g. shift hours, duration, and total number of working hours per week. Others have reported that in older adults, fatigue is associated with sleep durations of 6 hours or less 29) . In our study, we defined short sleep duration as 7 hours or less. The lack of association between short sleep duration and fatigue in our study may depend on the criteria used to define short sleep duration.
Nurses in our study reported making errors, which were most commonly medication errors, followed by incorrectly performed procedures and needle stick injuries. These errors were also reported by Japanese nurses in a study by Suzuki et al. (2005) 15) , with medication errors reported most frequently. However, the findings from our study suggest that short sleep duration did not increase the risk of occupational errors. Our results concur with previous studies among nurses in other countries 9, 30) , but contrast with one study which reported that decreasing the number of sleep hours increased the number of medication errors 31) . However, this study had failed to report the cutoff value for sleep deficiency.
An explanation is needed to account for the general lack of statistically significant associations between sleep duration and occupational errors in our study. First, due to the small number of occupational errors reported in our study, we may not have achieved the statistical power necessary to detect a statistically significant association. Second, factors other than sleep duration may have accounted for the occupational errors in previous studies. For example, one study reported that mental health problems, night or irregular shift work, and younger age were associated with medication errors 30) . Another study showed that the number of patients under the nurses' care and the nurses' depression scores were related to errors 31) . In addition, work experience may help to account for numbers of errors among nurses. Working in a hospital for 1 year or less was associated with an increased rate of medication errors 32) . Finally, we used 7 hours of sleep as the cutoff value for short sleep duration, while other studies used 6 hours 7, 8) . One study indicated that decreased cognitive performance only occurred when 5 to 6 hours of sleep was obtained 33) ; therefore, setting the cutoff point for short sleep duration at 7 hours could have reduced the likelihood of occupational errors among the participants in our study.
Some limitations of our study should be acknowledged. We used self-reporting to obtain data on occupational errors, which may have resulted in under-reporting. Future research with objective measurement of occupational errors can likely improve the accuracy of error quantification. In addition, we measured fatigue and excessive daytime sleepiness in general situations. In future studies, it would be beneficial to measure fatigue and daytime sleepiness directly related to work performance. We collected sleep duration data using 1-week sleep diaries, but we did not collect data on the number of shifts during the week when sleep was recorded; therefore, we were not able to conduct statistical analyses focused on work shift. More extensive and comprehensive sleep diary recordings and detailed data collection about work shift variables should be considered for future research.
In summary, fatigue, excessive daytime sleepiness, occupational errors, and sleep duration are important health and work-related issues among nurses. Short sleep duration affects daytime sleepiness in Thai nurses. Although there was no statistically significant association between short sleep duration and fatigue or occupational accidents, nurses with short sleep duration reported fatigue and occupational errors more often than the reference group. Hospitals should establish policies that allow nurses to have enough sleep between their shifts. This may decrease excessive daytime sleepiness, lower fatigue levels, and decrease work errors.
